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ABSTRACT:
Roof pressure statistics, as the foundation of the ASCE wind-loading design provision, are usually obtained from
boundary-layer (BL) wind-tunnel tests. However, a long-standing issue has been acknowledged -- the inconsistency
of results reported from different BL wind tunnels. Note that, these BL wind-tunnel tests tend to follow the standard
set-up, use established instrument and equipment to measure flow and pressure over scaled-down building models,
and process the data with common methodology. What are dominant factors that cause the non-negligible differences
in the reported pressure statistics? Considering the wind-tunnel data’s increasing role in serving as the reference cases
for CFD tool validation, it is imperative to critically evaluate existing wind-tunnel pressure data and seek insights into
this outstanding issue of the wind engineering community. This work will focus on time-series of roof pressure data
of selected cases for the isolated low-rise building model subjected to simulated BL inflows archived in the NIST and
TPU aerodynamic databases. Results include histogram of the instantaneous pressure, mean and RMS surface
pressures, and peak pressure estimated by the Gumbel model in terms of the pressure tap location over the roof and
the wind directions. We hope to identify the dominant factors in the wind-tunnel tests that cause differences in the
results and help address this issue.
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1. INTRODUCTION
Wind-tunnel tests create a controlled, desirable, simulated boundary-layer flow condition and
scaled building models are used to reproduce the wind structure interaction that is of interest. For
wind load tests, primary measurement quantities include local surface pressure and/or overall
forces and moments, as well as the inflow properties (wind speed profiles, turbulence level and
spectrum) that a model is subjected to. Boundary-layer wind tunnel tests have advanced the wind
loading design in an enormous way. However, the inconsistency among wind-tunnel test results
has been a long-standing issue recognized by the wind engineering community. For example, the
variability of wind pressure data from six well-known wind tunnel laboratories were compared,
yielding a coefficient of variation in the results ranging from 10 to 40% (Fritz et al, 2008).
The discrepancies of wind-tunnel results can be attributed to multiple aspects in wind load
measurements and estimation. A wind tunnel could be limited by the capability to realize the fullspectra of the ABL wind (cut-off large and small scales of turbulent structures due to the physical
size and missing roughness details), relatively low Re-number range and uncertainties associated
with a particular piece of equipment. In terms of the low-rise building models, the ratio of height
to the boundary layer aerodynamic roughness (H/z0 Jensen number) is very challenging to be
practical. Architecture features and surface textures are difficult to model, which may considerably
affect the flow separation, reattachment and vortex development that are key to the surface
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pressure.
This work will seek the dominant factors that cause the non-negligible differences in the windtunnel pressure statistics, by evaluating time-series of roof pressure data of comparable cases for
an isolated low-rise building model archived in the NIST and TPU aerodynamic databases. The
NIST aerodynamic database collected by the University of Western Ontario (UWO) includes time
series of surface pressures over low-rise building of various geometry and inflow conditions in
boundary-layer wind tunnels along with the metadata. The quantities of interest include the
histogram of instantaneous pressure, mean, RMS and peak pressures over the model low-rise
building from the UWO and TPU wind-tunnel data. The results are expected to reveal how
similarities/differences between these two public databases and identify which factors may play
significant roles in causing the differences. Associated with this comparison, uncertainty
quantification is being conducted in another work.

2. METHODOLOGY
2.1. Low-rise Building Model, Inflow Conditions and Terrain Exposure
Several publications documented the comprehensive wind-tunnel study of pressure distribution on
variations of building model scale, wind directions, leakage condition and terrain type (Ho 2005).
An isolated low-rise building of a nearly-flat roof (1:100 scaled, 1:12 roof pitch, no leakage model)
is selected as the target building model. Only test cases for a suburban terrain of roughness length
of zo = 0.3 m will be considered, to enable the comparison with that in the TPU database. We will
summarize the characterization of the inflow conditions in terms of mean wind profiles (powerlaw or log-law formulation), turbulence intensity profiles, boundary-layer description. Wind
direction is one of the key parameters to determine the flow development and pressure distribution.
We will focus on the normal wind direction of 270° (90° equivalent) and two oblique wind
directions of 315° (45° equivalent) and 325° (35° equivalent).
2.2. Methodology to Process Pressure Statistics
Wind pressure studies often focus on mean, root-mean-square (RMS), and peak values of the
pressure coefficients. While computation of mean and RMS pressures using the sampled timeseries of pressure is standard, variations in the methods to estimate the peak pressure coefficient
and its interpretation are reported in Peng et al. (2014). There are two approaches to process the
pressure data: (1) determining a single peak value or the mean of several observed maximum from
peaks recorded in the sample (observed peak method); (2) Gumbel method (Cook and Mayne,
1980; Ho et al. 2005). The Gumbel model appears to maintain accuracy and precision regardless
Gaussian or non-Gaussian data (Peng et al. 2014). Moreover, the TPU aerodynamic database
includes pressure coefficients obtained by the Gumbel method, which is to be used to process the
data in the NIST database to ensure a meaningful comparison.

3. RESULTS AND DISCUSSION
Results will be presented in the following aspects: 1) BL inflow characteristics; 2) histogram of
Cp of the sampled periods at selected locations for a specific wind direction; 3) Contour map of
the mean Cp (as shown in Fig. 1), RMS Cp and peak Cp for a wind direction. 4) Comparison the
results of the NIST database with that from the TPU aerodynamic database.
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Figure 1. Mean pressure coefficient (Cp) over a low-rise building model at the pressure tap locations (no leakage,
suburban terrain conditions and wind direction of 45°).

4. CONCLUSIONS AND OUTLOOK
Boundary-layer wind tunnel tests have significantly advanced the wind loading design of the built
environment, however, the inconsistency among wind-tunnel results has been a long-standing
issue. This work critically evaluates time-series of roof pressure data for an isolated low-rise
building model archived in the public NIST and TPU aerodynamic databases. We hope to identify
the dominant factors that cause differences in the results and help address this issue.
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